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lish of Unexamined Japanese Patent Application Laid-Open Speci- 
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knowledge are true and that all statements made on information 
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SPECIFICATION 
1. Title of the Invention 
Electroconductive Film 

2 . Scope of Claims for Patent 

(1) An electroconductive film obtained by a melt extrusion 
method, which comprises carbon black and a thermoplastic 
resin, wherein said carbon black is produced by the furnace 
process, and has a pore volume of 2.5 cc/g or less as meas- 
ured by mercury porosimetry; a maximum peak of a pore distri- 
bution curve at 200 A or more, said pore distribution curve 
being obtained by mercury porosimetry; and a dibutyl phtha- 
late (DBP) oil absorption value of from 20 to 250 ml per 100 
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g of said carbon black. 

(2) The electroconductive film according to claim 1, which 
has a thickness of 3 0 jam or less. 

(3) The electroconductive film according to claim 1, wherein 
the amount of said carbon black is 20 to 200 parts by weight, 
relative to 100 parts by weight of said thermoplastic resin. 

(4) The electroconductive film according to claim 1, wherein 
said thermoplastic resin is selected from the group consist- 
ing of polypropylene, nylon, polycarbonate and polyethylene 
terephthalate . 

(5) The electroconductive film according to claim 1, wherein 
said carbon black has a pore volume of 2.5 cc/g or less as 
measured by mercury porosimetry; a maximum peak of a pore 
distribution curve at 300 A or more, said pore distribution 
curve being obtained by mercury porosimetry; and a dibutyl 
phthalate (DBP) oil absorption value of from 20 to 250 ml per 
100 g of said carbon black. 

3. Detailed Description of the Invention 
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[Application Field in Industry] 

The present invention relates to an electroconduct ive 
film. More particularly, the present invention is concerned 
with an electroconduct ive film which can be advantageously 
used as an electrosensitive transfer recording material for 
obtaining a printed record in the field of a noiseless type- 
writer, a computer or a facsimile; a material for a jacket of 
a floppy disk or compact disk; and a material for a container 
used for the storage and transport of an IC or LSI. 
[Prior Art] 

In recent years, in the field of a computer, a facsimile 
or the like, attention has been drawn to a thermal transfer 
printing method, since this method is nonimpact, noiseless 
and inexpensive and enables the size reduction and weight re- 
duction of a printer. Especially, a thermal transfer print- 
ing method using a resistive ribbon thermal print head is re- 
garded as the most prospective method for obtaining a useful 
hard copy. 

Generally, a printing method using electrosensitive 
transfer recording is performed as follows. A resistive rib- 
bon thermal print head comprising a front electrode (i.e., 
printing electrode) and a back electrode is impressed on an 
electrosensitive transfer recording material comprising a re- 
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sistive layer, a conductive layer and an ink layer, thereby 
conducting electricity through the electrosensit ive transfer 
recording material. By the electricity conducted through the 
electrosensitive transfer recording material, heat is gener- 
ated from the resistive layer of the electrosensitive trans- 
fer recording material, thereby increasing the temperature of 
the resistive layer. The heat generated from the resistive 
layer is transferred through the conductive layer to the ink 
layer, thereby heating the ink layer. By the heating of the 
ink layer, the ink contained in the ink layer is melted. The 
melted ink flows and is transferred to the recording material 
as a transferred record. 

In the electrosensitive transfer recording method, the 
resistive layer is caused to generate heat due to the elec- 
tricity conducted therethrough. Therefore, it is important 
to appropriately adjust the resistance of the resistive layer. 
With respect to the production of a resistive layer having an 
appropriate resistance, there have conventionally been known 
various methods, such as a method in which a dispersion of a 
metal powder (such as a copper powder, an iron powder or an 
aluminum powder) in a resin is shaped into a resistive layer 
in the form of a sheet or film (hereinafter referred to sim- 
ply as a "resistive layer")/ a method in which a dispersion 
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of graphite or acetylene black in a resin is shaped into a 
resistive layer (see Examined Japanese Patent Application 
Publication No. Sho 56-27382); a method in which a dispersion 
of carbon black in a resin solution, wherein the carbon black 
has a DBP oil absorption value of at least 300 ml per 100 g 
of the carbon black, is shaped into a resistive layer by a 
solvent casting method (see Unexamined Japanese Patent Appli- 
cation Laid-Open Specification No. Sho 60-71293) ; and a 
method in which a dispersion of carbon black in a resin is 
shaped into a resistive layer by a melt extrusion method (see 
Unexamined Japanese Patent Application Laid-Open Specifica- 
tion No. Sho 59-120494) . 

[Problems to Be Solved by the Invention] 

However, the productions of resistive layers by the 
above-mentioned conventional methods have problems. For ex- 
ample, when a resistive layer is produced by the method using 
a dispersion of a metal powder in a resin, it is difficult to 
disperse the metal powder uniformly in the resin and, hence, 
the printing performance of a printing material using the re- 
sistive layer is lowered. On the other hand, when a resis- 
tive layer is produced by the method using a dispersion of 
graphite or acetylene black in a resin, it is difficult to 
obtain a resistive layer having a surface resistance 
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sufficiently small for practical use. Further, when a resis- 
tive layer is produced by the solvent casting method using a 
dispersion of carbon black (having a DBP oil absorption value 
of at least 300 ml per 100 g of the carbon black) in a resin 
solution, it is possible to obtain a resistive layer having a 
satisfactorily small surface resistance, but the solvent 
casting method is disadvantageous in that the method requires 
the use of complicated apparatuses for the application of the 
resin solution onto a substrate and the drying and recovery 
of a solvent. Furthermore, when a resistive layer is pro- 
duced by the melt extrusion method, disadvantages are caused 
not only in that the produced resistive layer exhibits a very 
large surface resistance and a very large specific resistance, 
thus requiring a high voltage, but also in that the moldabil- 
ity is unsatisfactory. As seen from the above, the above- 
mentioned methods are not practicable. Thus, it has been de- 
sired to develop an electroconductive film exhibiting excel- 
lent moldability and a low resistance. 
[Means to Solve the Problems] 

In this situation, the present inventors have made ex- 
tensive and intensive studies with a view toward solving the 
above-mentioned problems accompanying the prior art. In 
their studies, they have focused on the production of an 
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electroconductive film by the melt extrusion method using 
simple apparatuses. As a result, it has unexpectedly been 
found that an electroconductive film exhibiting satisfacto- 
rily low surface and specific resistances and exhibiting ex- 
cellent moldability can be obtained by the use of a specific 
carbon black produced by the furnace process, wherein the 
carbon black is used for imparting electroconduct ivity to a 
film. Based on this finding, the present invention has been 
completed. 

That is, it is an object of the present invention to 
provide an electroconductive film exhibiting excellent prop- 
erties, which functions at low voltages and can be advanta- 
geously used as a high performance electrosensitive transfer 
recording material having excellent durability. This object 
can be easily attained by an electroconductive film obtained 
by a melt extrusion method, which comprises carbon black and 
a thermoplastic resin, wherein the carbon black is produced 
by the furnace process, and has a pore volume of 2.5 cc/g or 
less as measured by mercury porosimetry ; a maximum peak of a 
pore distribution curve at 200 A or more, the pore distribu- 
tion curve being obtained by mercury porosimetry; and a dibu- 
tyl phthalate (DBP) oil absorption value of from 20 to 250 ml 
per 100 g of the carbon black. 
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Hereinbelow, the present invention is described in de- 
tail . 

The carbon black used in the electroconduct ive film of 
the present invention is produced by the furnace process and 
has a pore volume of 2.5 cc/g or less as measured by mercury 
porosimetry; a maximum peak of a pore distribution curve at 
200 A or more, preferably 300 A or more, the pore distribu- 
tion curve being obtained by mercury porosimetry; and a dibu- 
tyl phthalate (DBP) oil absorption value of from 20 to 250 ml 
per 100 g of the carbon black. 

Specific examples of carbon blacks include furnace car- 
bon blacks "E-UHS", "#30B", "APF" , "#10B" and "#5B" (each 
manufactured and sold by Mitsubishi Kasei Kogyo Co., Ltd.). 
With respect to the type of the thermoplastic resin used in 
the electroconductive film of the present invention, there is 
no particular limitation so long as the thermoplastic resin 
is one which is conventionally used in the field of informa- 
tion technology, such as a thermal transfer printer. Pre- 
ferred examples of thermoplastic resins include polyethylene 
t erephthalate , polystyrene , polyvinyl chloride , polycarbonate , 
nylon, polyethylene and polypropylene. Of these thermoplas- 
tic resins, nylon, polypropylene, polycarbonate and polyeth- 
ylene terephthalate are especially preferred from the view- 
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point of obtaining an electroconductive film exhibiting ex- 
cellent thermal resistance and durability. 

In the electroconductive film of the present invention, 
the amount of the carbon black is from 2 0 to 2 00 parts by- 
weight, preferably from 30 to 150 parts by weight, relative 
to 100 parts by weight of the thermoplastic resin. If de- 
sired, the electroconductive film of the present invention 
may further contain an appropriate amount of at least one ad- 
ditive selected from the group consisting of a dispersant, a 
softening agent and a lubricant . 

The electroconductive film of the present invention is 
produced by a process in which the carbon black and the ther- 
moplastic resin are uniformly mixed while heating, and the 
resultant mixture is shaped into a film having a thickness of 
3 0 ^m or less by a melt extrusion method. 

With respect to the melt extrusion method, there is no 
particular limitation, and any conventional method can be em- 
ployed. Specific examples of melt extrusion methods include 
a method (T-die method) in which a flat film is obtained by 
extrusion using a T-die, and a method (inflation method) in 
which a homogeneous mixture of the carbon black and the ther- 
moplastic resin is extruded through a ring-shaped, round die 
while blowing thereinto a compressed gas, thereby forming a 
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tubular film. The film obtained by any one of the above- 
mentioned methods may be stretched. 

The thus obtained electroconductive film of the present 
invention can be used in various application fields. Espe- 
cially, the electroconductive film can be advantageously used 
as a resistive layer for an electrosensitive transfer re- 
cording material having a laminate structure comprising a re- 
sistive layer, a conductive layer and an ink layer or 
comprising a resistive layer, a conductive layer, a release 
layer and an ink layer. 

For example, when it is intended to produce an elec- 
trosensitive transfer recording material having a laminate 
structure comprising a resistive layer, a conductive layer 
and an ink layer, the production thereof is performed as fol- 
lows. First, a resistive layer comprising the electroconduc- 
tive film of the present invention is produced by any one of 
the above-mentioned methods. Next, a thin film (such as a 
thin film made of aluminum) having excellent electroconduc- 
tivity is formed as a conductive layer on the resistive layer 
by a conventional method, such as a deposition method. Sub- 
sequently, an ink layer is formed on the conductive layer 
(which has been formed on the resistive layer) by a hot -melt 
coating method or a solution coating method, thereby obtain- 
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ing an electrosensit ive transfer recording material compris- 
ing a resistive layer, a conductive layer and an ink layer. 

With respect to the ink layer, there is no particular 
limitation so long as the ink layer can be used in a conven- 
tional thermal transfer recording material. As a preferred 
example of the ink layer, there can be mentioned an ink layer 
comprising about 60 % by weight of a wax, such as a paraffin 
wax, a modified wax or a carnauba wax; about 20 % by weight 
of a pigment or dye; and about 20 % by weight of a resin. 

The ink layer, the conductive layer and the resistive 
layer are formed by the above-mentioned method. It is pre- 
ferred that the thicknesses of the ink layer, conductive 
layer and resistive layer are, respectively, from 1 to 10 jam, 
from 0.01 to 0.2 |um, and 3 0 jam or less; more advantageously 
from 2 to 5 |im, from 0.05 to 0.1 Jim, and 20 \xm or less. 

If desired, from the viewpoint of easy separation be- 
tween the ink layer and the conductive layer, a release layer 
made of polyketone or the like may be interposed between the 
ink layer and the conductive layer. 
[Examples] 

Hereinbelow, the present invention will be described in 
more detail with reference to the following Examples, 
Comparative examples and Reference Example, which should not 
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be construed as limiting the scope of the present invention. 
Example 1 

1.4 kg of polypropylene (Novatec P-4100Y; manufactured 
and sold by Mitsubishi Kasei Kogyo Co., Ltd.; MI: 1.2 g/10 
minutes) and 0.6 kg of carbon black having properties as 
shown in Table 2 were charged into a Henschel mixer having an 
inner volume of about 9 liters, and the contents of the mixer 
were mixed at a rate of 2,500 rpm at room temperature for 1 
minute . 

The resultant mixture was placed in a vacuum dryer 
heated at 120 °C and dried for 12 hours, followed by a knead- 
ing using a twin-screw extruder, to thereby obtain a compound 
in the form of pellets. The obtained compound was dried us- 
ing the vacuum dryer at 12 0 °C for 24 hours, and the resul- 
tant, dried compound was shaped into a film by using a single 
screw extruder (30 <|>, 4D = 22) under conditions as shown in 
Table 1 below, thereby obtaining an electroconduct ive film. 
Various properties of the obtained electroconductive film are 
shown in Table 1 . 

Examples 2 to 4 and Comparative Examples 1 to 3 

An electroconductive film was produced in substantially 
the same manner as in Example 1, except that the amounts of 
the polypropylene and carbon black charged into the Henschel 
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mixer and the type of carbon black were changed as shown in 
Table 1 below. Various properties of the carbon blacks used 
in these Examples and Comparative Examples are shown in Table 
2 below. 

Reference Example 

Using a commercially available vacuum deposition device, 
an aluminum layer having a thickness of 0.08 \im was formed on 
the electroconductive film obtained in Example 1. 

Subsequently, an ink having the below-mentioned composi- 
tion was applied onto the surface of the above-obtained alu- 
minum layer, so that an ink layer having a thickness of 4 |im 
was formed on the aluminum layer. 

The composition and method for producing the ink: 

Carbon black: 15 parts 

(MA- 8; manufactured and sold by Mitsubishi Kasei Kogyo 
Co. , Ltd. ) 

Paraffin wax: 25 parts 

Oxidized wax: 40 parts 

Ethylene/vinyl acetate copolymer: 2 0 parts 
(TM-PEV-72 0; manufactured and sold by Hoechst AG) 
The above-mentioned components were mixed together using 
a mixer, and the resultant mixture was preliminarily kneaded, 
followed by kneading for five times using a three-roll mill, 
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wherein each of the rolls had a length of 6 inches, thereby 
obtaining an ink (ribbon) . In the thus obtained ink, no ag- 
glomerated particles of carbon black having a size of 3 jam or 
more were observed. Using the ribbon, a printing was per- 
formed on a piece of ordinary paper under conditions wherein 
the applied voltage was 12 V, the pulse frequency was 100 Hz, 
the pulse width was 2 ms and the feed rate was 16 mm/s. As a 
result, it was found that the printed characters were clear 
and free from defect . 

It was also found that a printed matter obtained using 
the above-mentioned ribbon was superior to a printed matter 
obtained by using a commercially available ribbon for 
printing . 

Further, it was also found that, by the use of the re- 
sistive layer comprising the electroconductive film having a 
resistance as small as about 10 ohms, it became possible to 
perform a printing at voltage as low as 12 V. 
Evaluation of various properties 

Various properties of carbon black were measured as fol- 
lows. With respect to the DBP oil absorption value, the 
measurement was performed in accordance with JIS-K-6221-A. 

With respect to each of the pore volume and the position 
of a maximum peak of the pore distribution curve, the meas- 
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urement thereof was performed by mercury porosimetry with re- 
spect to the pore diameters in the range of from 75 to 75,000 
A (the measurement was performed using a measuring device 
(Auto Pore-9200; manufactured and sold by Micromerit ics In- 
strument Corporation) ) . 

With respect to the MI of the compound, the measurement 
thereof was performed by extruding the compound using a melt 
indexer (manufactured and sold by Takara Kogyo Kabushiki Kai- 
sha) at 230 °C under a load of 11 kg. 

The resistance of the electroconduct ive film was meas- 
ured using an apparatus as shown in Fig. 1. 

Specifically, the measurement of the resistance of the 
electroconduct ive film was performed as follows. A film 
specimen (1) having a diameter of 30 mm or more was inter- 
posed between two electrodes (electrode (2) : the upper elec- 
trode (1100 g) ; electrode (2"): the lower electrode), each 
having a diameter of 2 5 mm. 1 . 0 kg of a load (3) was put on 
the upper electrode (2) . 30 seconds after the load was 
applied to the upper electrode (2), the resistance of the 
film specimen was measured using a resistance meter (4) 
(Digital multimeter TR-6856; manufactured and sold by Takeda 
Riken) . 

With respect to the moldability of an electroconduct ive 



16 



film, the evaluation thereof was performed as follows. Using 
a commercially available dial thickness meter (having the ca- 
pability of measuring the thickness of an object having a 
thickness of 1 jam or more) , the thickness of an electrocon- 
ductive film obtained by T-die extrusion and having a thick- 
ness of 10 cm was measured at 3 0 or more different portions 
of the film. Based on the results of the measurement, the 
moldability of the film was evaluated by the following crite- 
ria : 

O: the variation in thickness relative to the average thick- 
ness is 10 % or less. 

A: the variation in thickness relative to the average thick- 
ness is from 10 to 20 %. 

x: the variation in thickness relative to the average thick- 
ness is 20 % or more. 
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Table 2 





"#10B" 


"E-UHS" 


"#3 950B" 


"Ket jen 
black-EC" 


"Conduc- 
tex-SC" 


DBP 

(cc/100 g) 


83 


187 


357 


367 


100 


Pore volume 
(cc/g) 


0 . 75 


1 . 70 


2 . 58 


3 . 09 


1 . 22 


Position of 
a maximum 
peak in the 
pore distri- 
bution curve 


600 


580 


No peak 
observed 


no peak 
observed 


167 



Notes) 

1) Carbon blacks "H10B", "E-UHS" and "#3950" are 
manufactured and sold by Mitsubishi Kasei Kogyo Co., Ltd. 

2) Carbon black "Ketjen black-EC" is manufactured and sold 
by Lion Akzo Co., Ltd. 

3) Carbon black "Conductex-SC" is manufactured and sold by 
Columbian Chemicals Company. 

[Effect of the Invention] 

By the present invention, it becomes possible to easily 
obtain an electroconductive film which has excellent mold- 
ability and can generate a satisfactory amount of heat even 
at low voltages. The electroconductive film of the present 
invention can be advantageously used especially as an elec- 
trosensitive transfer recording material which can be satis- 
factorily used at low voltages and which exhibits excellent 
durability. 
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4. Brief description of the drawing 

Fig. 1 shows a resistance measuring apparatus used for 
measuring the resistance of the electroconductive film of the 
present invention . 

1; film specimen, 

2 , 2" ; electrode, 

3; load, and 

4; resistance meter. 

Applicant: Mitsubishi Kasei Kogyo Co., Ltd. 

Agent: Ha j ime Hasegawa, patent attorney, and one else 
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